A series of push-pull pyrazine fluorophores was described. Methoxy, dimethylamino and diphenylamino groups were used as electron-donating groups, and six π-conjugated systems consisting of multiple bonds and 1,4-phenylene moieties were used for the connection to the pyrazine core. The chromophores were obtained by Knoevenagel condensations and palladium catalyzed cross couplings starting from commercially available 2-methyl or 2-chloropyrazine. The optical absorption and emission properties of these chromophores were studied in different solvents. Some of them revealed to be highly emissive and exhibit a strong emission solvatochromism that suggests a highly polar emitting state, characteristic of compounds that undergo intramolecular charge transfer (ICT). The influences of the nature of the electron donating group and the π-conjugated system on the emission and ICT were carefully studied.
been incorporated in the structure of second order 10 (frequency doubling) and third order 8, 11 (two photon absorption) nonlinear optical (NLO) chromophores. Even if the NLO responses of pyrazine derivatives are generally lower than their pyrimidine (1,3-diazine) analogues, 12 these compounds are generally significantly more emissive.
12a, 13 The main purpose of the present article is to design, synthesize and study the photophysical properties of push-pull pyrazine derivatives with six different π-conjugated cores. Our study was focused on π-conjugated systems consisting of multiple bonds and 1,4-phenylene and 6 in good yields (Scheme 2). Ethynylpyrazines 5 were obtained by Sonogashira coupling using Pd(PPh3)2Cl2 and CuI as a catalytic mixture (Scheme 2). In all cases, performing the reaction in a pressurized tube permits a reduction in reaction time and increases the yields. All the compounds were thoroughly characterized by 1 H, 13 C NMR and high resolution mass spectra. The stereochemistry of the double bonds in compounds 1-3 was unequivocally established on the basis of the coupling constant for the vinylic protons in the 1 H spectra (J  16Hz). . b Fluorescence quantum yield (10%) determined relative to 9,10-Bis-phenylethynyl-anthracene in cyclohexane (F = 1.00).
Optical properties
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Accepted Manuscript In push-pull compounds, the effect of the polarity on the position of the absorption band can be moderate. 19 In contrast, significant emission solvatochromism can be observed in such fluorescent dyes. 6, 17, 20 This solvatochromic behavior results from the stabilization of the highly polar emitting state by polar solvents. 21 The emission properties of compounds 1-6
were measured in seven aprotic solvents of various polarity. The results of these investigations are summarized in Table 2 . It should be noted that, in some cases, in low polar solvents (heptane, toluene) two well-developed emission bands are observed due to increase of the vibronic structure. All compounds show a marked positive emission solvatochromism:
increasing solvent polarity as predicted by the Dimroth-Reichardt polarity parameter (ET(30)) 22 leads to a pronounced bathochromic shift of the emission band. As examples, the PL spectra for compound 3b, and color change under UV irradiation for compound 3c in various solvents are shown in Fig. 2 and 3 . Studying emission solvatochromism is a way to evaluate ICT in push pull-structures. For all compounds, the emission maxima were plotted versus ET(30) (Figures 4, S26 and S27) . For all the chromophores, a good linearity was obtained. When comparing the three electrondonating groups for all the π-conjugated linkers, the solvatochromic range increases in the following order: -OMe < -NPh2 < -NMe2, in accordance with the electron-donating ability of these groups, as estimated by Hamett constant. 23 When comparing compounds 2 with their 4-substituted pyrimidine analogues, it appears that the pyrazine derivatives exhibits slightly lower solvatochromic range. 24 In the dimethylamino series, the slopes of the corresponding regression lines indicate that the solvatochromic range increases in the following order: 1b ≈ 4b < 3b ≈ 5b ≈ 6b < 2b ( Figure 4 ) and seems to indicate that a vinylene phenylenethynylenphenylene linker between the pyrazine and the dimethylamino group is the Accepted Manuscript most efficient in terms of ICT. The same tendency is observed in diphenylamino series, but surprisingly not with methoxy derivatives. The reaction mixture was cooled, filtered, and dissolved with a mixture of AcOEt and water 1:1 (50mL) and the organic layer was separated. The aqueous layer was extracted with AcOEt (2 x 25 mL). The combined organic extracts were dried with MgSO4 and the solvents evaporated. 
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